Gangetic region based on air mass back trajectory analysis and satellite observation (Liu et al., 39 2008; Lu et al., 2012; Lüthi et al., 2015) . In recent decades, due to increased consumption on 40 fuels (including biofuels and fossil fuels) by industry and residents, air pollution has been a 41 serious issue in South Asia (Gustafsson et al., 2009 ). Accompany with favorable atmospheric 42 circulation, air pollutants emitted or formed in these regions can be fast transported to Himalayas 43 and Tibetan Plateau (HTP) (Xia et al., 2011) . source of BC and brown carbon (e. g., Saleh et al., 2014) , which is very popular in developing 56 regions in the southern of Himalayas. However, high elevation and mixed biomass fuels in these 57 regions could make the evolution of biomass burning emission more complicated and the 58 chemical information of OA remains poorly characterized so far (Fleming et al., 2018) . 59
60
The details on the molecular composition of OA are important for understanding the sources and 61 chemical evolution of OA (Laskin et al., 2018) . Previous studies conducted in the HTP have 62 focused on a limited number of molecular markers such as organic acids which are closely 63 related with biomass burning emission (Cong et al., 2015) , and some toxicology species such as 64 polycyclic aromatic hydrocarbons (PAHs) and persistent organic pollutants (POPs) which are 65 related with anthropogenic activities Wang et al., 2016) . In addition, online 66 measurement using Aerodyne high resolution time-of-flight aerosol mass spectrometer (HR-67 ToF-AMS) had provided more details on the OA chemistry and sources with high time 68 resolution (Xu et al., 2018) . However, different instrument has its limitations on OA detection 69 and ultra-high mass resolution of mass spectrometry which can identify a large number of 70 molecular formulas is lacking. 71
72
Electrospray ionization (ESI) with ultrahigh-resolution Fourier transform-ion cyclotron 73 resonance mass spectrometry (FTICR-MS) can be used to identify the individual molecular 74 formula of complex mixture because of its extremely high resolution and mass accuracy 75 (Mazzoleni et al., 2010) . In this study, we focus on the comprehensive characterization of the 76 molecule composition of water soluble organic compound in fine particle aerosol collected in the 77 northern slope of central Himalayas using positive mode ESI-FTICR-MS. 78 79
Methodology 80

Aerosol sampling 81
Field study was conducted at the Qomolangma Station (QOMS, 28.36° N, 86.95° E, 4276 m 82 a.s.l.) located at the toe of Mt. Qomolangma from Apr. 12 to May 12, 2016 using a suit of 83 instruments (Zhang et al., 2018b) , and the instruments used in this study includes a HR-ToF-84 AMS (Aerodyne Research Inc., Billerica, MA, USA) for 5-min size-resolved chemical 85 compositions (organics, sulfate, nitrate, ammonium, and chloride) of non-refractory submicron 86 particulate matter (NR-PM 1 ) and a photoacoustic extinctionmeter (PAX, DMT Inc., Boulder, 87 CO, USA) for BC mass concentration. The QOMS observatory locates at a remote site with 88 sparse local residents and anthropogenic activities around it, except for a high way for the 89 tourism to the west about 500 m. The tourists are normally increased from June each year due to 90 the warmer weather during summer. The weather at the QOMS during the field study was 91 dominated by westerlies with the prevailed wind from west and southwest with an average air 92 temperature of 5.7 ± 5.0 °C. A low-volume (16.7 L min -1 ) particular matter (PM) sampler (BGI, 93 USA, model PQ 200) with an aerodyne diameter cutoff of 2.5 µm at the inlet was used to collect 94 
Chemical analysis 107
For FTICR-MS analysis, these two filters were firstly extracted in 20 mL Milli-Q water in an 108 ultrasonic bath for 30 min and filtered using 0.45 µm pore-size Acrodisc syringe filters to 109 remove water insoluble matter (Pall Science, USA). Prior to FTICR-MS analysis, the extraction 110 was concentrated and purification using PPL (Agilent Bond Elut-PPL cartridges, 500 mg, 6 mL) 111 solid phase extraction (SPE) cartridges for water soluble organic matter (WSOM). Note that 112 through SPE cartridge, the most hydrophilic compounds such as inorganic ions, and low-113 molecular-weight organic molecules such as organic acids and sugars were removed, whereas 114 the relatively hydrophobic fraction was retained. The details on the SPE method using PPL 115 cartridges and analysis by FTICR-MS can be found in our previous paper (Feng et al., 2016) . 116
Briefly, the mass spectrometry analyses of these samples were performed using a SolariX XR 117 FT-ICR-MS (Bruker Daltonik GmbH, Bremen, Germany) equipped with a 9.4 T refrigerated 118 actively shielded superconducting magnet (Bruker Biospin, Wissembourg, France) and a Paracell 119 analyzer cell. The samples were ionized in positive ion modes using the ESI ion source (Bruker 120 Daltonik GmbH, Bremen, Germany). A typical mass-resolving power of >400 000 was achieved 121 at m/z 400 with an absolute mass error of <0.5 ppm. Molecular formulas were assigned to all 122 ions with signal-to-noise ratios of greater than 10 with a mass tolerance of ±1.5 ppm using 123 custom software. The assigned molecular formulas were examined using the van Krevelen diagram (Wu et al., 131 2004), double-bond equivalents (DBEs), Kendrick mass defects (KMD) series, and aromatic 132 indices (AI mod ). The O/C and H/C ratios were calculated by dividing the number of O and H 133 atoms, respectively, by the number of C atoms in a formula. DBE analysis was used to determine 134 the number of rings and double bonds in a molecule. The DBE was calculated using equation 1, 135
where c, h, and n are the numbers of C, H, and N atoms, respectively, in the formula. 137
138
The KMD can be used to search for potential oligomeric units (Hughey et al., 2001 ). The 139
Kendrick mass (KM) and KMD for CH 2 series were calculated using equations 2 and 3, 140 KM = observed mass × 14/14.01565, (2) 141 there were many fire spots during these two periods (Fig. 2) 
Results and discussions
The chemical characteristics of WSOM from ESI-FTICR-MS 184
A total of 4554 and 5192 molecular formulas was identified by ESI(+)-FTICT-MS over the mass 185 range of 100-700 Da for F30 and F43, respectively. The identified molecular formulas were 186 grouped into two subgroups based on their elemental composition, i.e., CHO and CHON, all of 187 which had equal important contribution (45% -55%) in number ( Table 2 ). The CHO compounds had relatively higher 207 O/C w ratio than that of CHON compounds in these two samples and CHO compounds were more 208 saturated with a higher H/C w ratio than CHON (Table 1) distributions and all concentrate in 1.2-1.8 for H/C and 0.3-0.7 for O/C (Fig. 3) suggesting their 211 similar aerosol sources and atmospheric processes. The similar distributions for these two filters 212 are also observed in KMD vs. KM plots and located in a narrow and uniform distribution, which 213 The DBE of CHO increased with the carbon number with the DBE w being 5.96 (Fig. 3) ; the 255 carbon-normalized DBE w (DBE/C w ) was 0.33 (Table 1) . These two values were close to the 256 results from biomass burning aerosol samples in other studies (Table 2) 
CHON compounds 300
The frequency distribution for n o and n c in CHON formulas were shown in Fig. 5a which show  301 peaks between 6-10 and 15-20, respectively. The DBE of CHON formulas ranged into 4 -10 302 with DBE w being 6.79 (Fig. 5b) . In the CHON + class, compounds contained one or two nitrogen 303 (1N or 2N) atoms with 1N compounds accounting for 70.5% and 2N for 29.5%, respectively. 304
Most (98%) of 1N compounds contained more than 3 oxygen atoms and could up to 13 oxygen 305 atoms, whereas about 62.5% of 2N compounds contained more than 6 oxygen atoms (Fig. 6a) . 306
The average O atom containing in each molecular formula was therefore higher for 1N 307 compounds than 2N compounds (8.1 ± 2.9 vs. 6.3 ± 2.3). The high O atom containing in CHON 308 formula suggest that nitrogen was in the form of organic nitrate or nitro groups with excess 309 oxygen forming additional oxygenated groups. The ratios of O/C w and OSc w for 1N compounds 310
were accordingly higher than that of 2N compounds (0.42 vs. 0.37 for O/C w ; −0.48 vs. −0.54 for 311
OSc w ), suggesting higher oxidation state for 1N compounds (Fig. 5c ). In contrast, the DBE w and 312
AI mod values for 2N compounds were higher than that of 1N compounds (Table 1) . With higher 313 H/C w for 2N compounds (Table 1) , it suggests that 2N compounds could contain amount of 314 aromatic N-heterocyclic compounds. For 1N compounds, longer and higher relative intensity 315 CH 2 homologous series compounds were found based on the Kendrick mass defect plot ( Fig.  316   6b) ; 1073 of the 1378 detected 1N compounds can be grouped into 145 homologous. The 317 abundant long CH 2 homologous series in 1N compounds contained 7-10 O atoms, while 5-8 O 318 atoms for 2N compounds (Fig. 6) . found in our measurement, of which is probably its dimer formula. In addition, the homologous 341 series compounds which C 7 H 7 NO 4 serve as the core molecule was also found in our samples. 342
Some medium relative abundance molecular formulas identified in a recent paper in biomass 343 burning aerosol were also found in our measurement such as C 15 
